Introduction

N
owadays, x-ray plays an important role in medical decisions and, in some cases, early detection of diseases is possible solely through x-ray examinations [1] . Although x-ray is a very useful and essential tool in healthcare and has numerous advantages for human societies, it is also known as a carcinogenic agent [2] . Along with increasing development in medical imaging systems and techniques, radiation of patients is increasing and now medical x-ray is responsible www.jbpe.org Janbabanezhad-Toori A., et al for most radiation to population from artificial sources [3] . Computed Tomography (CT) is an x-ray imaging modality with high radiation dose (10-100 times greater than conventional x-ray) [4] . Since 1972, when CT emerged, use of this imaging procedure has been increased and today the most detectable part of medical ionizing radiation to population is caused by CT examinations [5] . Based on European Commission's data, in some countries, 40% of medical radiation is due to CT [6] . National Radiation Protection Board (NRBP) showed that in 2003, CT was responsible for 47% of medical radiation of the UK population [7] . In CT examination, the probability of radiation-induced cancer is more than other x-ray examinations because of high level of radiation dose (10-100 mGy) imparted in tissues [8] . Many studies revealed large differences in radiation doses for the same CT examination among different hospitals and these variations are due to different examination techniques and CT scanner models [6, 9] . There is an essential need for establishing a reference level of activity with the aims of comparing different techniques and protocols to find situations where examination procedures must be reviewed. In 1996, International Commission on Radiological Protection in ICRP Publication 73 introduced Diagnostic Reference Level (DRL) for optimization of patient-radiation protection in medical Examinations [10] . The aim of DRL is to reduce patient-radiation dose without affecting medical diagnosis. Establishment and use of DRL is a method to identify situations where the level of patientradiation dose is unnecessarily high. DRL can suggest applicable approaches to reducing patient dose to an acceptable level. Hatziioannou et al [11] established Greece national DRL for six typical CT examinations including brain, cervical spine, chest, abdomen, lumbar spine and pelvic. Their study was performed on 27 CT systems and the results showed large intercenter variation in dose of the same examinations. Treier et al [12] also examined 21 CT examinations on 179 scanners. Their study was performed on adult and pediatric-age groups and new DRLs were set for Switzerland. There is no study on patient dose in CT exams in Mazandaran. This study is trying to make an appropriate quantity of radiation dose as a DRL for CT hoping that the results can improve radiation protection procedures in CT examinations.
Materials and Methods
In CT dosimetry, because of the particular geometry of the device and irradiation, we need to define a proper dose descriptor [11] . Computed Tomography Dose Index (CTDI) is considered as dose descriptor in CT. Weighted Computed Tomography Dose Index (CTDI w ) is the first proposed quantity as a reference dose for a single axial rotation:
where CTDI c is the dose in the central hole and CTDI p is the mean dose of four periphery holes of phantom.
In spiral mode, volume CTDI (CTDI vol ) is calculated:
where, pitch is the ratio between table increment per rotation and beam width [13] [14] [15] .
Another reference quantity is Dose Length Product (DLP) that expresses total dose in a complete examination:
where N is the number of slices and T is the slice thickness. If examination is performed in helical mode, DLP is calculated as following equation:
where L is the scan length. This survey was performed in seven public hospitals in Mazandaran, Iran. Four CT examinations with highest percentage of total examination including brain, sinus, chest and abdomen & pelvic were selected for this study. Questionnaires were developed to collect primary data on patients, CT systems (type, manufacturer, number of detector rows) and protocols (kvp, mAs, slice thickness, number of slices, pitch and table increment). In all centers, the information of ten typical patients was recorded for each exam. For CTDI measurement, Barracuda dosimetry kit (Barracuda X-ray Analyzer, RTI Electronics, Sweden) was used. This kit includes a pencil ionization chamber with serial number of 1673 which has an active length of 10cm and two CT dosimetry phantoms. For dosimetry in medical X-ray imaging system, ionization chamber system and TLD system are most commonly used. Suitable ionization chamber has known advantages over TLD systems in that their accuracy, precision, and energy independence are better. In addition, ionization chambers can be read out directly. Two cylindrical polymethylmetacrylate phantoms with different diameters were used as patients' representatives (figure 1). ment of CTDI C , head phantom was placed in bed head holder, located in iso-center. Then, ionization chamber was placed in central dosimetry hole and other holes were filled with PMMA plugs. According to questionnaire, a single axial scan was selected and the dose was recorded. To calculate CTDI P , this procedure was repeated for four peripheral holes. Dose measurement in body phantom was performed in the same way when it was positioned on the table. Then, the CTDI W and DLP were calculated for all examinations using the previously mentioned method Head phantom, with 16cm diameter and 15cm length, has five holes; one in the center and four located 1cm under the surface making 90-degree angle altogether. Body phantom covers 32cm diameter and 15cm length and is similar to head phantom. For the measure- 
Results
Discussion
This was the first comprehensive study on patient doses in CT examinations performed in Mazandaran, Iran and the DRL was set for four CT examinations. As mentioned under Results section, doses for the same examinations varied from hospital to hospital. Probably, this discrepancy was due to different types of protocols, user selection parameters (such as kvp, mAs, pitch and slice thickness) and differences in the design of CT devices by the manufacturers. There are studies conducted in Iran and some reference doses were proposed.
Toossi presented values of 58.08, 28.31 and 28.31 as Iranian national DRL for brain, chest and abdominal examinations, respectively [9] . Their values were higher than those in the current study except for the brain. Afzalipour et al [9] presented Local DRL (LDRL) for the same examinations in Tehran province. CTDI W of their study for brain (50.78 mGy) and abdomen (9.11 mGy) was lower than our values. For DLP, except for the sinus (167 vs. 210.46 mGy cm), our values were higher and the largest differences are found in brain examinations (750 vs. 422.64 mGy cm). In some European countries, national DRLs for adults have been established [6, 7, 11, 12] Scan length has significant impact on patient dose and should be limited to areas which help the diagnosis process. There are some other approaches for dose reduction such as decreasing kvp, increasing pitch factor and the use of Automatic Exposure Control (AEC). Staff training and their awareness of technical parameters of CT examination also have significant effects on patient's dose. The results of this study can be introduced to hospitals and CT users to become aware of their activities and also protocols used in other centers. Dose measurement should be performed after appropriate period of time and compared with current study. In this study, due to time constraints, only four CT examinations were evaluated. Therefore, additional research on other CT examinations is required to determine reference doses for all CT exams.
